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Sixty years have past since the last extensive freshwater mussel (Bivalvia: Unionidae)
survey of the Wakarusa River basin. During that time, the basin has experienced
substantial changes, including construction of a reservoir and expansion of several urban
areas. To determine what changes might have occurred in the freshwater mussel
assemblage since the last survey, I sampled freshwater mussels by hand grabbing in a
haphazard manner at 28 sites in the summer of 2004. Of the 27 species historically
known from the basin, I collected 39 live individuals of nine species in 52 man-hours,
including one Truncilla donaciformis, which is listed as species-in-need-of-conservation
(SINC) by the state of Kansas; I also collected valves of an additional four species. Six
sites had live individuals, and valves were found at an additional ten sites. I did not find
the nonindigenous zebra mussel Dreissena polymorpha, which recently has become
established in Kansas in the Walnut River basin.
INTRODUCTION
Freshwater mussels (Bivalvia: Unionidae) are a vital component of stream ecosystems;
their sensitivity to stream habitats and their sessile, filter-feeding habits make them good
biological indicators of stream integrity (Strayer and Smith, 2003). During the past
century, North American freshwater mussels have undergone drastic declines, and they
currently are one of the most imperiled groups of animals (Williams et al., 1993). Of the
approximately 300 species of freshwater mussels native to North America, nearly two-
thirds are extinct, listed as endangered or threatened, or are in need of conservation status
(Williams et al., 1993). Factors responsible for the decline in freshwater mussels include
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anthropogenic disturbances to stream habitats (e.g., habitat destruction and environmental
contamination), commercial harvesting, and invasion of exotic species (e.g., zebra mussel
Dreissena polymorpha) (Strayer and Smith, 2003).
The drastic decline in freshwater mussel populations is not unique to Kansas. For
example, several species have experienced substantial range reductions in southeastern
Kansas streams (Obermeyer et al., 1997a). However, not all drainages in Kansas have
been adequately sampled to address changes in the freshwater mussel fauna of the state.
One such drainage is the Wakarusa River basin, where the last comprehensive freshwater
mussel study was conducted in the early 1940s (Franzen and Leonard, 1943). Since then,
the basin has undergone drastic changes, including expansion of urban populations (e.g.,
Topeka, Lawrence, and Eudora), intensive farming practices, and construction of Clinton
Reservoir. I sampled freshwater mussels in the Wakarusa River basin with the objective
of obtaining data on the present distribution and structure (e.g., richness and relative
abundance) of the assemblage. Monitoring remaining freshwater mussel populations is a
high priority with many natural resource agencies. Data from freshwater mussel surveys
are needed to accurately assess the status of the assemblage (e.g., rare species) and
provide baseline information to evaluate the effects of human activities (Strayer and
Smith, 2003).
STUDY AREA
The Wakarusa River basin drains 1,186 km2 of northeast Kansas and is located within the
Osage Cuestas region of the Central Irregular Plains Ecoregion (Todd, 1911; Franzen and
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Leonard, 1943; Deacon and Metcalf, 1961; Charlton, 2002). The Wakarusa River rises in
the eastern edge of the Flint Hills in Wabaunsee County, and flows nearly 80 km in an
easterly-northeasterly direction before depositing its waters into the Kansas River near
Eudora, Douglas County; other headwater tributaries of the river originate in Shawnee
and Osage counties (Figure 1). Elevation of the Wakarusa River varies from 365 m at its
headwaters to 245 m at its confluence with the Kansas River, giving the river a mean
gradient of 3.1 m/km. The basin undergoes periods of heavy rainfall and drought with
high temperatures co-occurring with the low precipitation periods; the annual rainfall for
the basin is 89 cm. The basin contains glacial till and rich alluvial soil deposited by the
Kansan glacier 600,000 y ago. The main-channel of the river has high, muddy banks and
substrates comprised of compacted clay/silt and cobble; its tributaries have lower banks
with substrates containing either compacted clay/silt and cobble or loose gravel. Lower
portions of the mainstream and tributaries are more turbid than upper portions.
Twenty-seven species of freshwater mussels are known from the Wakarusa River basin
(Table 1). Franzen and Leonard (1943) collected 16 freshwater mussel species from 11
sites in the basin; five of these species currently are listed as species-in-need-of-
conservation (SINC) by the state of Kansas: Fusconaiaflava, Lampsilis siliquoidea,
Lampsilis teres, Strophitus undulatus, and Truncilla donaciformis (KDWP, 2000). Other
accounts have reported 11 additional species from the basin, including eight state-listed
species: Actinonaias ligamentina (endangered) (Scammon, 1906), Anodontoides
ferussacianus (SINC) (Kansas Department of Wildlife and Parks [KDWP] streams data),
Epioblasma triquetra (extirpated) (Murray and Leonard, 1962), Elliptio dilatata (SINC)
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(Scammon, 1906), Ligumia recta (extirpated) (Scammon, 1906), Pleurobema sintoxia
(SINC) (Scammon, 1906), Ptychobranchus occidentalis (threatened) (Scammon, 1906),
and Truncilla truncata (SINC) (Scammon, 1906). At least 45 species of fishes are known
from the Wakarusa River basin (Deacon and Metcalf, 1961), many of which serve as
hosts for freshwater mussel glochidia.
METHODS
Freshwater mussel assemblage
From 22 May to 2 June 2004, I collected live freshwater mussels and valves of dead
specimens by hand grabbing in a haphazard manner at 28 sites in the Wakarusa River
basin (12 sites in the Wakarusa River proper and one site each in 16 tributaries) (Figure
1; Appendix 1). No effort was made to sample ponds or lakes in the basin. I made an
effort to sample all available habitats, but placed particular emphasis on areas that
appeared likely to support freshwater mussels. I sampled each site in the Wakarusa River
for two to four man-hours, but only one or two man-hours per site in tributaries; the
amount of effort was dependent upon stream substrate and amount of freshwater mussel
material present. Random non-quantitative time search methods are preferred when
examining the presence / absence of freshwater mussels (Hornbach and Deneka, 1996).
Nine of the sites sampled were the approximate locations of those sampled by Franzen
and Leonard (1943); two sites established by Franzen and Leonard (1943) were not
sampled: their Station 6 was impounded by Clinton Reservoir, whereas landowner
permission could not be obtained for their Station 9. I added an additional three sites on
the Wakarusa River proper (one upstream and two downstream from Clinton Reservoir).
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I identified species using Cummings and Mayer (1992), and measured shell length of live
individuals before returning them to their approximate collection location. I took valves
at each site and deposited them in the Illinois Natural History Survey Mollusk Collection,
Champaign; no live individuals were sacrificed. Regarding nomenclature, I followed the
list of common and scientific names of mollusks prepared by the Council of Systematic
Malacologists and the Committee on Scientific and Common Names of the American
Malacological Union (Turgeon et al., 1998), except I did not recognize subspecies.
Historical data (e.g., INHS, Kansas Biological Survey [KBS], Kansas Department of
Health and Environment [KDHE], and KDWP streams data) also were incorporated into
the species list for the basin. Included in the discussion are 1) preferred habitat for a
given species (data were taken from Murray and Leonard, 1962 and Oesch, 1984), and 2)
fishes known to have occurred in the Wakarusa River basin (data were taken from
Deacon and Metcalf, 1961 and the University of Kansas Fish Collection, Lawrence) that
could be used as glochidia hosts (data were taken from Watters, 1994).
Habitat
After completing freshwater mussel sampling at all sites, I went back to each site and
assessed instream habitat in the areas sampled for freshwater mussels. I established
transects at 5-m intervals along the length of the area sampled at, and calculated substrate
composition, substrate compaction, water depth, and stream velocity at points spaced 1-m
apart on the streambed along each transect (Tiemann et al., 2004). With a shovel, I
visually estimated substrate composition based on a modified Wentworth scale. I
estimated substrate compaction by touch, where loose substrate was coded as 1, medium
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as 2, and firm as 3. I measured water depth with a meter stick and stream velocity at 60%
depth from the surface with a Swoffer Model 2100 current meter (Swoffer Instruments,
Inc.; Seattle, WA). At each site, I averaged substrate composition, substrate compaction,




I collected 39 live individuals of nine species (Table 1) in 52 man-hours at 28 sites; I also
found an additional four species represented as only valves (Table 1). Quadrula
quadrula was the most common species (24 individuals), followed by Leptodeafragilis
(five), Potamilus alatus (three), Pyganodon grandis (two), and Lasmigona complanata,
Ligumia subrostrata, Tritogonia verrucosa, Truncilla donaciformis, and Uniomerus
tetralasmus (one each); Amblema plicata, Fusconaia flava, Lampsilis teres, and
Toxolasma parvus were represented by valves. The number of live species per site varied
from zero to four, whereas the number of total species per site varied from zero to eight.
The number of live individuals per site varied from zero to 28. Live individuals were
found at six sites, and valves were found at an additional ten sites (Appendix 1).
Habitat
The upstream portion of the river (e.g., upstream of Clinton Reservoir) was a series of
compacted, free-flowing cobble riffles and compacted clay/silt substrate pools with
lethargic flows. The downstream portion (e.g., downstream of the reservoir) was a
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continuous series of compacted silt-laden substrates (mainly clay/silt and cobble) with
sluggish flows. Tributaries varied from a series of loosely compacted, free-flowing
gravel riffles and compacted clay/silt substrate pools with lethargic flows to a series of
riffles and pools with compacted clay/silt and cobble substrates and minimal flow.
DISCUSSION
Freshwater mussel assemblage
Based on the general absence of live freshwater mussels and the fact that the majority of
the dead specimens were in very poor condition (e.g., weathered shells or valve
fragments) suggested that the freshwater mussel assemblage of the Wakarusa River basin
has been decimated. Most individuals collected were relatively isolated, which might
hinder reproduction. There is little evidence of reproduction based on the lack of
juveniles collected. However, timed searches are biased against small freshwater mussels
(Hornbach and Deneka, 1996), which might explain the lack of collecting small species
and juveniles.
Franzen and Leonard (1943) did not differentiate between freshwater mussel species that
were collected as live and those that were represented only as valves, nor did the authors
include the number of individuals captured. Therefore, I cannot compare their data to my
data to document historical changes. However, the present freshwater mussel assemblage
of the Wakarusa River basin is likely directly correlated with the habitat characteristics
found today (discussion below). Several life history traits, including extended life spans,
Tiemann - 9
delayed maturity, low fecundity, limited powers of dispersal, poor juvenile survival, and
low population turnover, make freshwater mussels vulnerable to habitat modification.
Annotated list of non-state-listed species
Amblema plicata - I did not find live A. plicata, but did find valves at Site FL2 (INHS
28759) and Little Wakarusa Creek (INHS 28730). KDHE biologists collected valves at
Site FL3 (KR02015) in 2002. KDWP biologists collected valves at South Branch
Wakarusa River in 1997 and Rock Creek in 2002. Franzen and Leonard (1943) stated
that A. plicata was "very abundant," especially at their stations 6 and 7, where it was
found in deeper waters, burrowed in firm mud. They continued by saying that A. plicata
was "less abundant, but not uncommon on gravel and sandy shoals." Franzen and
Leonard's (1943) stations 6 & 7 have changed considerably since their study; their
Station 6 currently is impounded by Clinton Reservoir, whereas their Station 7 is
downstream of the reservoir's spillway and currently is comprised of sand / gravel
substrates. Amblema plicata is found in all habitats except those areas of shifting sand
substrates. Known fish hosts in the Wakarusa River basin for A. plicata include
shortnose gar Lepisosteus platostomus, flathead catfish Pylodictis olivaris, white bass
Morone chrysops, green sunfish Lepomis cyanellus, bluegill Lepomis macrochirus,
largemouth bass Micropterus salmoides, white crappie Pomoxis annularis, black crappie
Pomoxis nigromaculatus, yellow perch Percaflavescens, and sauger Sander canadense.
Lampsilis cardium - I did not find live or valves of L. cardium, nor was it collected by
Franzen and Leonard (1943). KDHE biologists collected valves at Site FL3 (KR00035)
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in 2000. KDWP biologists collected valves at the Baker University Wetlands near Site
FL8 in 1998. Scammon (1906) stated that L. cardium was rare in the Wakarusa River
near Lawrence. Lampsilis cardium is found in small streams in sand and gravel
substrates. Known fish hosts in the Wakarusa River basin for L. cardium include L.
macrochirus, M. salmoides, P. annularis, P. flavescens, S. canadense, and walleye
Sander vitreum.
Lasmigona complanata - I collected one live L. complanata (shell length - 168 mm) at
Site DS1 (INHS 28774), and valves at Site FL4 (INHS 28733) and Burys Creek (INHS
28735). INHS biologists collected valves at Washington Creek (INHS 18689) in 1996.
KBS biologists collected valves at Site FL3 (KBS 727), Site FL5 (KBS 670), and in areas
currently impounded by Clinton Reservoir (KBS 677) in 1977. Franzen and Leonard
(1943) stated that L. complanata was fairly widespread in the Wakarusa River, especially
in deep water where it burrowed in firm mud. The lone specimen that I found was
located in moderately compacted gravel / cobble substrates with little flow. Lasmigona
complanata is found in both small and large streams in mud substrates with little flow.
Known fish hosts in the Wakarusa River basin for L. complanata include common carp
Cyprinus carpio, L. cyanellus, orangespotted sunfish Lepomis humilis, M. salmoides, and
P. annularis.
Leptodea fragilis - I collected five live L. fragilis individuals (mean shell length - 86
mm) at Site FL7 (INHS 28723), and valves at Site FL8 (INHS 28742), Site FL10 (INHS
28752), and Deer Creek (INHS 28762). INHS biologists collected valves at Site DS1
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(INHS 18700) and Washington Creek (INHS 18690) in 1996. KBS biologists collected
valves in areas currently impounded by Clinton Reservoir (KBS 676) in 1977. KDHE
biologists collected valves at Site FL3 (KR02018) in 2002. KDWP biologists collected
valves at the Baker University Wetlands near Site FL8 in 1998. Franzen and Leonard
(1943) stated that L. fragilis was rare in the Wakarusa River because they did not collect
a single live individual, but did find fresh dead ones at their Station 6. Scammon (1906)
stated that L. fragilis often was found in the Wakarusa River near Lawrence. The
specimens that I found were located in consolidated sand / loosely compacted gravel
substrates with moderate flow. Leptodeafragilis is found in mud, sand, and cobble
substrates. The known fish host in the Wakarusa River basin for L. fragilis is the
freshwater drum Aplodinotus grunniens.
Ligumia subrostrata - I collected one live L. subrostrata (shell length - 66 mm) at Site
FL3, and valves at Site FL1 (INHS 28750), Site FL2 (INHS 28760), South Branch
Wakarusa River (INHS 28768), Deer Creek (INHS 28763), Strowbridge Creek (INHS
28748), and Lynn Creek (INHS 28739). INHS biologists collected valves at Washington
Creek (INHS 18691) in 1996. KBS biologists collected valves at Site FL3 (KBS 726)
and in areas currently impounded by Clinton Reservoir (KBS 678) in 1977. KDWP
biologists collected valves at Little Wakarusa Creek in 1997, South Branch Wakarusa
River in 1997, the Baker University Wetlands near Site FL8 in 1998, Deer Creek in 1998,
and Rock Creek in 2002. Franzen and Leonard (1943) stated that L. subrostrata was
"present in fair numbers at Station 6, otherwise rare" in the Wakarusa River. The lone
specimen that I found was located in moderately compacted gravel / cobble substrates
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with little flow. Ligumia subrostrata is found in small streams in mud substrates.
Known fish hosts in the Wakarusa River basin for L. subrostrata include L. cyanellus,
warmouth Lepomis gulosus, L. humilis, L. macrochirus, and "black bass" Micropterus
spp.
Potamilus alatus - I collected three live P. alatus (mean shell length - 122 mm) at Site
FL7 (INHS 28724), and valves at Site FL8 (INHS 28743) and Site FL10 (INHS 28753).
INHS biologists collected valves at Washington Creek (INHS 18692) in 1996. KBS
biologists collected valves at Site FL3 (KBS 729) in 1977. KDWP biologists collected
valves at the Baker University Wetlands near Site FL8 in 1998. Franzen and Leonard
(1943) stated that P. alatus was "very abundant" in certain reaches of the Wakarusa
River, "especially on firm mud substrates, in water several feet deep." The specimens
that I found were located in consolidated sand / loosely compacted gravel substrates with
moderate flow. Potamilus alatus is found in large streams in mud, gravel, and cobble
substrates with little to strong flow. The known fish host in the Wakarusa River basin for
P. alatus is A. grunniens.
Potamilus ohiensis - I did not find live or valves of P. ohiensis, nor was it collected by
Franzen and Leonard (1943). KDHE biologists collected valves at Site FL3 (KR02016)
in 2002. KDWP biologists collected valves at the Baker University Wetlands near Site
FL8 in 1998. Potamilus ohiensis is found in large streams in mud, sand, and cobble
substrates. Known fish hosts in the Wakarusa River basin for P. ohiensis is A. grunniens.
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Pyganodon grandis - I collected two live P. grandis (mean shell length - 76 mm) at Site
FL3 (INHS 28734), and valves at Site FL10 (INHS 28754), South Branch Wakarusa
River (INHS 28769), Burys Creek (INHS 28736), Deer Creek (INHS 28764), Lynn
Creek, (INHS 28740), and Washington Creek (INHS 28727). INHS biologists collected
valves at Site DS1 (INHS 18701) in 1996. KBS biologists collected valves at Site FL2
(KBS 38) and in areas currently impounded by Clinton Reservoir (KBS 55) in 1976 and
at Site FL5 (KBS 668) in 1977. KDWP biologists collected valves at Middle Branch
Wakarusa River in 1996, the Baker University Wetlands near Site FL8 in 1998, and Rock
Creek in 2002. Franzen and Leonard (1943) declared P. grandis was one of the most
widely distributed and abundant freshwater mussels in the Wakarusa River, and occurred
at nearly every location; the only locations it did not occur was in the silted lower
reaches. The two specimens that I found were located in moderately compacted gravel /
cobble substrates with little flow. Pyganodon grandis is found in streams in mud and
consolidated sand substrates with little flow. Known fish hosts in the Wakarusa River
basin for P. grandis include longnose gar Lepisosteus osseus, gizzard shad Dorosoma
cepedianum, central stoneroller Campostoma anomalum, C. carpio, common shiner
Luxilus corutus, redfin shiner Luxilus umbratilis, golden shiner Notemigonus
crysoleucas, bluntnose minnow Pimephales notatus, creek chub Semotilus
atromaculatus, river carpsucker Carpiodes carpio, yellow bullhead Ameiurus natalis, M.
chrysops, L. cyanellus, L. humilis, L. macrochirus, M. salmoides, P. annularis, P.
nigromaculatus, johnny darter Etheostoma nigrum, P. flavescens, and A. grunniens.
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Quadrula pustulosa - I did not find live or valves of Q. pustulosa. KBS biologists
collected valves in areas currently impounded by Clinton Reservoir (KBS 674) in 1977.
KDHE biologists collected valves at Site FL3 (KR02021) in 2002. KDWP biologists
collected valves at the Baker University Wetlands near Site FL8 in 1998. Franzen and
Leonard (1943) stated that Q. pustulosa was "locally common though not widely
distributed" in the Wakarusa River; the authors continued by saying that, when they were
found together, Q. pustulosa and Q. quadrula inhabited different habitats. Quadrula
pustulosa is found in all habitats except those areas of shifting sand substrates. Known
fish hosts in the Wakarusa River basin for Q. pustulosa include black bullhead Ameiurus
melas, channel catfish Ictalurus punctatus, P. olivaris, and P. annularis.
Quadrula quadrula - I collected one live Q. quadrula (shell length - 62 mm) at Site FL3,
19 live individuals (mean shell length - 69.7 mm) at Site FL7 (INHS 28725), three live
individuals (mean shell length - 81.3 mm) at Site FL8 (INHS 28744), and one live
individual (shell length - 68 mm) at Site DS 1; the mean overall shell length for all Q.
quadrula was 71.1 mm (Figure 2). I also found valves of Q. quadrula at Site FL10
(INHS 28755), South Branch Wakarusa River (INHS 28770), Deer Creek (INHS 28765),
and Washington Creek (INHS 28728). KBS biologists collected valves at Site FL3 (KBS
728), Site FL5 (KBS 669), and in areas currently impounded by Clinton Reservoir (KBS
673) in 1977. KDWP biologists collected valves at the Baker University Wetlands near
Site FL8 in 1998 and Elk Creek in 2002. Franzen and Leonard (1943) stated that Q.
quadrula was "widely distributed and locally abundant at their stations 6 and 7," and
"prefers a firm mud bed in deep flowing water." Scammon (1906) stated that a large
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series of Q. quadrula was found in beds of cobble in the Wakarusa River. The specimens
that I found were discovered in all habitat types: consolidated sand / loosely compacted
gravel / cobble substrates with swift flow and silted-compacted substrates with little flow.
Quadrula quadrula is found in mud, sand, gravel, and cobble substrates. The known fish
host in the Wakarusa River basin for Q. quadrula is P. olivaris.
Toxolasma parvus - I did not find live T. parvus, but did find valves at Site FL10 (INHS
28756) and Deer Creek (INHS 28766). INHS biologists collected valves at Washington
Creek (INHS 18695) in 1996. KDHE biologists collected valves at Site FL3 (KR95075)
in 1995. KDWP biologists collected valves at Little Wakarusa Creek in 1997 and the
Baker University Wetlands near Site FL8 in 1998. Franzen and Leonard (1943) stated
that T. parvus was "not common" in the Wakarusa River based on a small series that was
collected at the approximately locations of my sites FL2, FL3, and FL4. Toxolasma
parvus is found in small streams with sluggish flow and mud substrates and near the
banks of large streams. Known fish hosts in the Wakarusa River basin for T. parvus
include L. cyanellus, L. gulosus, L. humilis, L. macrochirus, and P. annularis.
Tritogonia verrucosa - I found one live T. verrucosa (shell length - 94 mm) at Site FL10,
and valves at Site FL8 (INHS 28745). KBS biologists collected valves in areas currently
impounded by Clinton Reservoir (KBS 675) in 1977. KDHE biologists collected valves
at Site FL3 (KR94031) in 1994. Franzen and Leonard (1943) stated that T. verrucosa
had not suffered greatly from the ecological changes that occurred in the Wakarusa River
basin. Scammon (1906) stated that T. verrucosa was a common species in the Wakarusa
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River at Lawrence where it was found either well rooted in the gravel and cobble
substrates with swift flow or buried to the siphons in the thick black mud with little flow.
The lone specimen that I found fit the latter description. Tritogonia verrucosa is found in
all habitats except those areas of shifting sand substrates. Known fish hosts in the
Wakarusa River basin for T. verrucosa include A. natalis and P. olivaris,
Uniomerus tetralasmus - I found one live U. tetralasmus (shell length - 93 mm) in Little
Wakarusa Creek, and valves at Site FL2 (INHS 28761) and North Branch Wakarusa
River (INHS 28738). INHS biologists collected valves at Washington Creek (INHS
18697) in 1996. KDWP biologists collected valves at South Branch Wakarusa River in
1997, the Baker University Wetlands near Site FL8 in 1998, Deer Creek in 1998, and
Rock Creek in 2002. Franzen and Leonard (1943) stated that U. tetralasmus seemed to
be "widely distributed [sic] although not abundant in any particular locality." Scammon
(1906) stated that U. tetralasmus often was found in the Wakarusa River at Lawrence.
Uniomerus tetralasmus is found in small streams in mud substrates with little flow. The
lone specimen that I found was out of the water in a raccoon midden. The known fish
host in the Wakarusa River basin for U. tetralasmus is N. crysoleucas.
Utterbackia imbecillis - I did not find live or valves of U. imbecillis, nor was it collected
by Franzen and Leonard (1943). KDHE biologists collected valves at Site FL3
(KR94018) in 1994. KDWP biologists collected valves at Rock Creek in 2002.
Scammon (1906) reported U. imbecillis from Rock Creek, and Liechti and Huggins
(1977) reported it from Mary's Lake in Lawrence. Utterbackia imbecillis is found in
Tiemanni - 17
streams in mud and consolidated sand substrates with little flow. Known fish hosts in the
Wakarusa River basin for U. imbecillis include S. atromaculatus, western mosquitofish
Gambusia affinis, L. cyanellus, L. gulosus, L. macrochirus, M. salmoides, and P.
flavescens.
Annotated list of state-listed species
Actinonaias ligamentina (endangered) - I did not find live or valves of A. ligamentina,
nor was it collected by Franzen and Leonard (1943). Scammon (1906) stated that A.
ligamentina occasionally was found in Wakarusa River. Murray and Leonard (1962)
stated that A. ligamentina was restricted to streams draining the southeastern portion of
Kansas, and that it likely was extirpated from the Wakarusa River. Actinonaias
ligamentina is found in large streams in sand and gravel riffles, and occasionally is found
in compacted muddy or rocky substrates. Known fish hosts in the Wakarusa River basin
for A. ligamentina include M. chrysops, L. cyanellus, L. humilis, L. macrochirus, M.
salmoides, P. annularis, P. nigromaculatus, P. flavescens, and S. canadense.
Anodontoidesferussacianus (SINC) - I did not find live or valves of A. ferussacianus, nor
was it collected by Franzen and Leonard (1943). KDWP biologists collected valves at
South Branch Wakarusa River in 1997 and Rock Creek in 2002. Anodontoides
ferussacianus is found in small- to medium-sized streams in soft or coarse substrate.
Known fish hosts in the Wakarusa River basin for A. ferussacianus include L cornutus, P.
notatus, fathead minnow Pimephales promelas, and white sucker Catostomus
commersonii.
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Elliptio dilatata (SINC) - I did not find live or valves of E. dilatata, nor was it collected
by Franzen and Leonard (1943). Scammon (1906) stated that a single valve of E. dilatata
was picked up at Blanton Fjord, on the Wakarusa River, near Lawrence. Murray and
Leonard (1962) stated that that it seemed unlikely that, in Kansas, E. dilatata occurred
north of the Marais des Cygnes River basin. Elliptio dilatata is found in all habitats
except those areas of shifting sand substrates. Known fish hosts in the Wakarusa River
basin for E. dilatata include D. cepedianum, P. olivaris, P. annularis, P. nigromaculatus,
P. flavescens, and S. canadense.
Epioblasma triquetra (extirpated) - I did not find live or valves of E. triquetra, nor was it
collected by Franzen and Leonard (1943). A vouched specimen from the Wakarusa
River in Lawrence is housed at the Smithsonian National Museum of Natural History
(USNM 743156). Murray and Leonard (1962) stated that E. triquetra occurred in the
Wakarusa River but that this species was extirpated from Kansas. Epioblasma triquetra
is found in streams in mud, sand gravel, and cobble substrates. The known fish host in
the Wakarusa River basin for E. triquetra is the logperch Percina caprodes.
Fusconaia flava (SINC) - I did not find live F. flava, but did find a valve at Strowbridge
Creek (INHS 28747). KDHE biologists collected valves at Site FL3 (KR00039) in 2000.
KDWP biologists collected valves at South Branch Wakarusa River in 1997 and Rock
Creek in 2002. Franzen and Leonard (1943) stated that, although it was widespread in
distribution, F. flava did not occur in "large numbers" except for their Station 6.
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Fusconaia flava is found in all habitats except those areas of shifting sand substrates.
Known fish hosts in the Wakarusa River basin for F. flava include L. macrochirus, P.
annularis, and P. nigromaculatus.
Lampsilis siliquoidea (SINC) - I did not find live or valves of L. siliquoidea. KDHE
biologists collected valves at Site FL3 (KR02017) in 2002. KDWP biologists collected
valves at Little Wakarusa Creek in 1997. Franzen and Leonard (1943) found "only a
small series of dead shells" of L. siliquoidea in the Wakarusa River. Lampsilis
siliquoidea is found in all habitats except shifting sand substrates. Known fish hosts in
the Wakarusa River basin for L. cardium include L. corutus, C. commersonii, M.
chrysops, L. humilis, L. macrochirus, M. salmoides, P. annularis, P. nigromaculatus, P.
flavescens, S. canadense, and S. vitreum.
Lampsilis teres (SINC) - I did not find live L. teres, but did find valves at Site FL8 (INHS
28741) and Site FL10 (INHS 28751). INHS biologists collected valves at Washington
Creek (INHS 18688) in 1996. KBS biologists collected valves at Site FL3 (KBS 731) in
1977. KDWP biologists collected valves at the Baker University Wetlands near Site FL8
in 1998. Franzen and Leonard (1943) stated L. teres was "common in the Wakarusa;" the
authors recorded L. teres from the approximate locations of my sites FL2, FL4, FL5,
FL6, and FL7. Lampsilis teres is found in a variety of habitats, including muddy sloughs
and rocky substrates with moderate flows. Known fish hosts in the Wakarusa River basin
for L. teres include L. platostomus, L. osseus, L. cyanellus, L. humilis, L. gulosus, M.
salmoides, P. annularis, and P. nigromaculatus.
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Ligumia recta (extirpated) - I did not find live or valves of L. recta, nor was it collected
by Franzen and Leonard (1943). KDHE biologists collected valves at Site FL3
(KR95073) in 1995. Scammon (1906) stated that one specimen of L. recta was found in
the Wakarusa River, near Lawrence, and Liechti and Huggins (1977) reported it in
Washington Creek in Douglas County. Although Murray and Leonard (1962) stated that
L. recta was restricted streams draining the southeastern portion of Kansas, they pointed
out that distribution records for the state probably did not show the actual geographical
range. Ligumia recta was thought to be extirpated from Kansas; however, a live
individual was found in the Marais des Cygnes River in 2002, but it is uncertain whether
or not a viable population occurs in Kansas (Angelo and Cringan, 2003). Ligumia recta
is found in large streams in gravel substrates with strong flow. Known fish hosts in the
Wakarusa River basin for L. recta include L. cyanellus, L. humilis, L. macrochirus, M.
salmoides, P. annularis, and S. canadense.
Pleurobema sintoxia (SINC) - I did not find live or valves of P. sintoxia, nor was it
collected by Franzen and Leonard (1943). Scammon (1906) stated that P. sintoxia was
rare in the Wakarusa River at Lawrence. Murray and Leonard (1962) stated that P.
sintoxia was restricted to streams draining the southeastern portion of Kansas.
Pleurobema sintoxia is found in small- to large-sized streams in mud, sand, and gravel
substrates. The known fish host in the Wakarusa River basin for P. sintoxia is L.
macrochirus.
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Ptychobranchus occidentalis (threatened) - I did not find live or valves of P.
occidentalis, nor was it collected by Franzen and Leonard (1943). Scammon (1906)
stated that one specimen has been reported by Call from the Wakarusa River. Obermeyer
et al. (1997b) suggested that, in Kansas, P. occidentalis was confined to the Arkansas
River basin. Ptychobranchus occidentalis is found in gravel substrates of medium-sized
stream in areas of shallow water and moderate flow; it is seldom collected in slow, low
gradient streams, which best describes the habitat of the Wakarusa River basin. The
known fish host in the Wakarusa River basin for P. occidentalis is the orangethroat dater
Etheostoma spectabile.
Strophitus undulatus (SINC) - I did not find live or valves of S. undulatus. KDWP
biologists collected valves at Rock Creek in 2002. Franzen and Leonard (1943) stated
that S. undulatus might be extirpated from the Wakarusa River based on their collection
of two dead specimens. Strophitus undulatus is found in medium-sized and large streams
in mud, sand, gravel, and cobble substrates. Known fish hosts in the Wakarusa River
basin for S. undulatus include S. atromaculatus and M. salmoides, in addition to possibly
L. cyanellus.
Truncilla donaciformis (SINC) - I collected one T. donaciformis individual (shell length
- 25 mm) at Site FL7, and valves at Site FL8 (INHS 28746) and Site FL10 (INHS
28757). INHS biologists collected valves at Washington Creek (INHS 18696) in 1996.
KBS biologists collected valves in areas currently impounded by Clinton Reservoir (KBS
680) in 1977. KDHE biologists collected valves at Site FL3 (KR02019) in 2002. KDWP
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biologists collected valves at the Baker University Wetlands near Site FL8 in 1998.
Franzen and Leonard (1943) stated that T. donaciformis was rare in the Wakarusa based
on "a single, dead, but unworn, shell" collected at the approximate location of my Site
FL7. The lone specimen I found was located in consolidated sand / loosely compacted
gravel substrate with moderate flow. Truncilla donaciformis is found in both small and
large streams in mud, sand, gravel, and cobble substrates. Known fish hosts in the
Wakarusa River basin for T. donaciformis include S. canadense and A. grunniens.
Truncilla truncata (SINC) - I did not find live or valves of T. truncata, nor was it
collected by Franzen and Leonard (1943). Scammon (1906) stated that T. truncata often
was found in the Wakarusa River. Truncilla truncata is found in both small and large
streams in compacted and loosely compacted mud, sand, gravel, and cobble substrates.
Known fish hosts in the Wakarusa River basin for T. truncata include S. canadense and
A. grunniens.
Annotated list of nonindigenous species
Corbiculafluminea - Corbiculafluminea was introduced into the United States in 1938,
but was not reported by Franzen and Leonard (1943) from the Wakarusa River basin.
Although I did not specifically target C. fluminea, I did find it throughout the basin.
Dreissena polymorpha - Dreissena polymorpha, native to the Black and Caspian seas,
was transported from Europe in the ballast water of transoceanic ships in the mid-1980s.
Since then, it has infested several bodies of water, including the Walnut River basin in
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Kansas (INHS 28607). Dreissena polymorpha can attach itself with byssal threads to
hard surfaces (e.g., boat hauls); therefore, because boats often go from one body of water
to another, impoundments can function as a source for D. polymorpha (Obermeyer et al.,
1997b). However, I did not find D. polymorpha in the Wakarusa River basin.
Habitat
The habitat descriptions for the Wakarusa River given by Franzen and Leonard (1943)
and Deacon and Metcalf (1961) fit those found today. Because portions of the Wakarusa
River basin occur at the southern extent of the Kansan glacier (Charlton, 2002), substrate
might have never been optimal for freshwater mussels. Most of the material left by the
glacier was glacial till (e.g., unsorted gumbo clay/silt, in addition to cobble), substrates
that are known to be inhospitable for freshwater mussels. Nevertheless, what substrates
that were suitable have been affected by anthropogenic disturbances, which have been
occurring in the Wakarusa River basin during the past 150 y (Charlton, 2002). Habitat
destruction might be the single most important threat to freshwater mussels (Williams et
al. 1993). Franzen and Leonard (1943) stated that "irrevocable changes" (e.g., logging of
riparian areas, drainage of marshes, and cultivation of the floodplain) were occurring in
the Wakarusa River basin during their survey. Since Franzen and Leonard (1943), the
basin has continued to undergo extensive changes including various urban problems,
intensive farming practices, and construction of Clinton Reservoir. Freshwater mussels
cannot tolerate such stream degradation, and unless mitigated, these practices will
continue to threaten the existing freshwater mussel fauna of the basin.
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Various urban problems, including chemical pollution and habitation destruction, have
threatened the freshwater mussel assemblage in the Wakarusa River basin. Urban
population expansion can cause changes in the physicochemical parameters through
surface water (e.g., effluent from sewage treatment plants) and ground water (e.g.,
seepage of fertilizers and pesticides/herbicides from lawn care) (Hoke, 1997). Because of
their sessile filter-feeding habits, freshwater mussels generally are intolerant to
environmental perturbations and tend to concentrate pollutants in their tissues. Urban
population expansion also can result in increased road construction to handle the
increased traffic. Bridge construction has been shown to cause destabilization of
substrate in streams (Tiemann, 2004), and destabilization of substrate might be the
greatest factor in freshwater mussel decline by reducing habitat and interfering with
respiration, excretion, feeding, reproduction, and juvenile recruitment (Obermeyer et al.,
1997a).
The Wakarusa River basin is intensively farmed, with several practices that can alter
stream environments. For example, removal of streamside vegetation is widespread in
the basin. Riparian removal can increase sediment loads in streams and occlude
interstitial spaces in substrate, thus reducing habitat diversity for aquatic assemblages
(Tiemann, 2004). Also, some areas that lacked riparian areas had agricultural crops
planted to the edge of the stream banks, which can result in increased siltation during
rainstorms (Hoke, 2004). Another example is cattle watering in streams, which also was
described by Franzen and Leonard (1943). Unrestricted access of livestock in streams
can alter the substrate, pollute the water, and crush freshwater mussels (Hoke, 2004).
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Another example of intensive farming is irrigation. One cornfield was being irrigated
with water from the Wakarusa River. Water extraction can reduce downstream stream
habitats by reducing discharge, thus possibly exposing portions of gravel bars and
causing compaction of substrates through the drying of organic material in interstitial
spaces; the resultant effects can negatively hinder aquatic organisms (Tiemann et al.,
2004).
The construction of Clinton Reservoir began in 1971 and reached multipurpose pool in
1980; it impounds 7,000 acres (12,800 acres at flood stage) of the Wakarusa River basin.
Dams have been shown to cause a negative response on freshwater mussel assemblages
(e.g., lower species richness and altered abundances) immediately upstream from and
downstream from the structure due to changed habitats (e.g., altered flow and substrate
conditions); dams also inhibit freshwater mussel dispersal by preventing longitudinal
migration of host fishes and associated glochidia (Vaughn and Taylor, 1999; Dean et al.,
2002). The idea that new genetic populations or species of freshwater mussels were
introduced into the Wakarusa River basin through the stocking of sport or forage/bait
fishes carrying glochidia is unknown.
Site FL7 (-1 km downstream of Clinton Reservoir) contained the highest species richness
and abundance of freshwater mussels (24 live individuals from four species in four man-
hours sampled). These data are contrary to the findings of Vaughn and Taylor (1999)
(e.g., a linear increase in freshwater mussel species richness and abundance with
increasing distance from the reservoir). Site FL7 might have reduced negative effects
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from the surrounding landscape. A healthy riparian area, which reduces steam bank
erosion (e.g., sedimentation) (Tiemann, 2004), existed around the site. In addition, water
leaving the impoundment has fewer sediments, and is capable of picking up more fine
substrates (e.g., silt) to re-establish its sediment equilibrium (Tiemann et al., 2004), which
might explain why the substrate at Site FL7 was comprised of mainly sand and gravel
(very little silt).
As with 82% of stream kilometers in Kansas (Tiemann, 2004), several of the tributary
streams of the Wakarusa River are intermittent. Even though these tributary streams
offer diverse habitats (e.g., stable sand and gravel riffle area), they undergo periods of
drought. These periods of drought coupled with high-temperatures offer unsuitable
habitat for freshwater mussels (Hoke, 1997), and might explain the lack of any evidence
of freshwater mussels in these streams. It appears that these tributaries do not serve as
refugia for freshwater mussels, as reported in other studies (e.g., Hoke, 1997).
Conclusions and future considerations
Perhaps the Wakarusa River basin never supported an abundant and diverse freshwater
mussels assemblage due to unsuitable habitat (e.g., compacted silt substrates) and
environmental conditions (e.g., frequent droughts). Additional surveys should be done to
further examine the freshwater mussel assemblage in the Wakarusa River basin. These
studies could add more sites and incorporate other methods, including brailing of Clinton
Reservoir to document what might be living in the inundated areas, hookahing and/or
diving the deeper waters of the Wakarusa River to determine what might be burrowed in
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the pools, and conducting area searches to target smaller individuals and state-list species.
Also, one could examine the fishes assemblage that occurs in the Wakarusa River basin
to determine what potential hosts for freshwater mussel glochidia exist in the basin, and
document the changes that have occurred since Deacon and Metcalf (1961).
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Table 1. Historic native freshwater mussels of the Wakarusa River basin (data were taken
from Scammon, 1906; Franzen and Leonard, 1943; Liechti and Huggins, 1977; Murray
and Leonard, 1962; Kansas Biological Survey freshwater mussel collection; Kansas
Department Health and Environment freshwater mussel collection; Kansas Department of
Wildlife and Parks freshwater mussel data) and those species collected during the 2004
basin survey (L = live freshwater mussels and V = valves of dead specimens); the number
in parenthesis indicates the number of sites the given species was found either as live or
valves of dead specimens during the survey. Thirteen species are state-listed (sI





Anodontoidesferussacianus (Lea, 1834) slc
Lasmigona complanata (Barnes, 1823)
Pyganodon grandis (Say, 1829)
Strophitus undulatus (Say, 1817) SINC
Utterbackia imbecillis (Say, 1829)
Ambleminae
Amblema plicata (Say, 1817)
Elliptio dilatata (Rafinesque, 1820) SINc
Fusconaiaflava (Rafinesque, 1820) SINC
Pleurobema sintoxia (Rafinesque, 1820) sINc
Quadrula pustulosa (Lea, 1831)
Quadrula quadrula (Rafinesque, 1820)
Tritogonia verrucosa (Rafinesque, 1820)
Uniomerus tetralasmus (Say, 1831)
Lampsilinae
Actinonaias ligamentina (Lamarck, 1819) E
Epioblasma triquetra (Rafinesque, 1820) x
Lampsilis cardium Rafinesque, 1820
Lampsilis siliquoidea (Barnes, 1823) s'Nc
Lampsilis teres (Rafinesque, 1820) sINC
Leptodea fragilis (Rafinesque, 1820)
Ligumia recta (Lamarck, 1819) x
Ligumia subrostrata (Say, 1831)
Potamilus alatus (Say, 1817)
Potamilus ohiensis (Rafinesque, 1820)
Ptychobranchus occidentalis (Conrad, 1850) T
Toxolasma parvus (Barns, 1823)
Truncilla donaciformis (Lea, 1828) S'NC
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Fig. 1 - Map of the Wakarusa River and its principal tributaries.
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Appendix 1. Collecting location sites for the 2004 Wakarusa River basin freshwater mussel
survey. Counties (Co.) from the survey are Douglas (DG), Osage (OS), and Shawnee (SN).
Latitude and longitude are in decimal degrees. FWM is native freshwater mussel material, if
any, collected at that site (L = live freshwater mussels, V = valves of dead specimens, and the




















N. Br. Wakarusa River
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6 mi W Auburn
0.5 mi S Auburn
2.5 mi WSW Wakarusa
3 mi E Wakarusa
6 mi ENE Wakarusa
0.75 mi NNE Richland
2.5 mi SW Lawrence
1 mi S Lawrence
1 mi S Lawrence
1 mi S Lawrence
4 mi SE Lawrence
Eudora
3.25 mi E Stull
0.5 mi S Stull
2.75 mi S Stull
2.5 mi SE Berryton
4 mi WNW Wakarusa
0.75 mi W Auburn
2.5 mi W Auburn
2.5 mi SW Auburn
5 mi WSW Richland
3 mi SW Richland
3 mi SSW Richland
4.5 mi SE Richland
6.5 mi W Sibleyville
1 mi SW Sibleyville
2 mi ENE Sibleyville
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